E-mail contact: J.C. Correia@qmw.ac.uk We report 12 CO J = 3-2 high resolution observations of compact molecular outflows around VLA 1 and VLA 3, two young stellar objects in the HH 1-2 region. We have confirmed the existence of a new outflow associated with VLA 1, the powering source of these well known Herbig-Haro objects. The VLA 1 outflow exhibits red-and blue-shifted peaks with a separation of only 30 . The two lobes are clearly distinct from each other, suggesting that the outflow axis is close to the plane of the sky. The outflow is aligned with the HH 1-2 axis, but the lobes are inside the HH knots. Our calculations have shown that this outflow is one of the weakest, youngest and most compact ever seen. Its total mass is 1.1×10
−3 M and the dynamical timescale is 1×10 3 years. We have also mapped the more extended outflow from VLA 3 confirming the existence of two young, distinct and! very compact molecular outflows in this region.
Accepted by Astronomy & Astrophysics (Letters)
Preprint available on the WWW at http://www-star.qmw.ac.uk/∼jcc/pub.html High-resolution spectroscopy of Vega-like stars -II: Age indicators, activity, and circumstellar gas We have completed a high-resolution optical study of 14 stars classified as Vega-like, having an IR excess attributable to dust emission.
Surface lithium abundances were measured for the four G-and K-type stars of the sample, to test the suggestion that these Vega-like stars are intermediate in evolutionary state between pre-main sequence objects and established main sequence stars. Abundances ranged from a very high value in the G5e star HD 143006, implying a youthful age of only 1 Myr, to below the limit of measurement for the K2V star HD 23362, which we conclude to be already well established on the main sequence.
The emission line characteristics of all the stars in our sample were studied to compare with those seen in the classical pre-main sequence Herbig Ae/Be stars and T Tauri stars. Activity levels ranged from stars showing little or no activity, such as HD 23362, to those exhibiting extensive activity such as the A9/F0Ve star HD 144432, which showed distinctive P Cygni profiles in its spectrum, and HD 143006, which is young enough to be included in the T Tauri class of stars. The A2/3e star HD 35187 shows evidence of variability in its Hα and He i λ5876 lines, with four other A-type stars in our sample also showing evidence of He i λ5876 activity in the form of emission or absorption. We interpret the excess absorption and/or emission in the λ5876 line as providing direct evidence for ongoing accretion activity on these systems. We find that the emission characteristics of the Hα, Na i D, He i and Ca ii K lines are not significantly different from those of Herbig Ae/Be stars and T Tauri stars. Some of our sample have also been previously classified as pre-main sequence or candidate pre-main sequence stars, which would seem to suggest that there is no distinct boundary between Vega-like stars and the Herbig Ae/Be and T Tauri stars. The surface gravities of the A-and F-type stars in our sample imply that they have already reached the main sequence, consistent with the short timescales to reach the main sequence predicted for stars of their mass and the fact that they are not located close to star formation regions. On the other hand, the ages derived for the three emission-line G-and K-type stars in our sample imply that they have probably not yet reached the main sequence. It is likely that these emission-line Vega-like stars represent the intermediate stage between classical pre-main sequence stars with "dusty" IR excesses and stars which are well established on the main sequence.
We also studied our sample for evidence of optical circumstellar gas absorption features. Of the fourteen stars, seven show evidence for narrow absorption lines in their spectra. Most of these appear to be of interstellar origin. One of these stars, HD 144432, has a narrow absorption component in the absorption trough of its Na i D P Cygni profile, at a heliocentric velocity of -91 kms −1 , which excludes an interstellar origin and therefore more likely originates in its circumstellar environment. We also detect narrow absorption lines in the spectrum of HD 158643 (51 Oph) arising from excited state Fe ii lines, which can only come from the circumstellar environment of the star.
Accepted by Monthly Notices of the R.A.S.
On the widespread Weak-Line T-Tauri population detected in the ROSAT All-Sky Survey We discuss the apparent widespread presence of Weak-Line T-Tauri stars (WTTS) among stellar coronal sources detected in the ROSAT All-Sky Survey (RASS), and their relative number with respect to young main-sequence stars in the same samples. The approach taken in most of the current literature for identifying and classifying WTT stars among RASS X-ray sources is based on the usage of low-resolution optical spectra only and on simple, mass-independent thresholds on the equivalent width of the Li i 6707.8Å doublet. We show that this approach is likely to lead to putative WTTS samples which contain a large number of normal, young main-sequence stars masquerading as WTTS sources. Young main-sequence stars are known to be the dominant contributor in stellar X-ray selected samples at the limiting flux levels of the RASS, yet they appear to be very rare in the RASS samples discussed here. We argue that many of the putative WTTS sources are actually mis-classified young main-sequence stars, and that thus there is likely not a true "WTTS question" in the RASS samples.
Accepted by Astronomy & Astrophysics
A deflected molecular jet in the bipolar outflow NGC 2264G Recently published H 2 emission data for the bipolar molecular outflow NGC 2264G are compared to recent CO (2 → 1) observations and existing VLA images. Virtually all of the H 2 emission associated with this outflow is found either behind clumps of swept-up ambient material (i.e. closer to the central source of the outflow) or along the axis of the highest velocity CO emission. The highest velocity CO features appear to arise in jets that emerge from H 2 emission knots and generally follow a pattern consistent with a deflection of a jet at these points. These deflections appear to result in part from a temporal change in the direction of the bipolar axis of the outflowing material ejected from the central source. We propose that effects such as these play a role in degrading the collimation of jet driven outflow lobes. We examine the gravitational capture of supersonic gas and dust as it impacts and triggers the collapse of a molecular cloud core. We use two techniques to track the triggering material in two dimensions, a set of tracer particles and a color field, much like a dye, computed in the same manner as the hydrodynamic density variable. The two tracking techniques produce very similar results. We find that about 10% to 20% of the supersonic material with an initial impact parameter less than the molecular cloud core's initial radius is captured by the collapsing cloud. This fraction is less than the 100% capture estimate often used to constrain the distance to possible stellar sources of radioactive isotopes, and hence may require these stars to be closer than would otherwise be the case. Rayleigh-Taylor instabilities occur and aid in the mixing of the shock material with the target cloud. The impacting material is injected into the outer layers of the collapsing protostar roughly one free fall time (2 ×10 5 yrs) after the first contact of the triggering material with the cloud, and injection continues for approximately two more free fall times. These time intervals are substantially less than the mean life of one of the radioactive nuclides of interest, 1.1 ×10 6 yrs for 26 Al, and are comparable to the mean life (1.5 × 10 5 yrs) of another short-lived nuclide, 41 Ca. Evidence for live 26 Al and 41 Ca in the early solar system is thus consistent with a scenario involving supersonic triggering and injection of freshly synthesized radioactive nuclides into the presolar cloud. Because injection proceeds at a steady pace, it does not appear to be a significant source of temporal heterogeneity in the distribution of 26 Al, though the outer layers of the presolar cloud are preferentially enriched in the injected material.
Accepted by Astrophys. J. A time-dependent jet launching and collimating mechanism is presented. Initial results of numerical simulations of the interaction between an aligned dipole rotator and a conducting circumstellar accretion disk which is initially threaded by the dipole field show that differential rotation between the disk and the star leads to the rapid expansion of the magnetic loops that connect the star to the disk. The expansion of these magnetic loops above and below the disk produces a two-component outflow. A hot, well collimated outflow is generated by convergent flow of attached plasma towards the rotation axis, while a cool, slower outflow is produced on the disk side of the expanding loop. The expanding loop, which later forms a plasmoid, defines the boundary between the jet-like flow and the disk wind. Episodic magnetic reconnection above and below the disk releases the jet plasma from the system and allows the process to repeat, reinforcing the hot, well collimated outflow.
Accepted by Astrophys. J.
Tracing the envelopes around embedded low-mass young stellar objects with HCO + and millimeter-continuum observations The envelopes and disks around embedded low-mass young stellar objects (YSOs) are investigated through millimeter continuum and HCO + line emission. Nine sources, selected on the basis of their HCO + 3-2 emission from an IRAS flux-and color-limited sample of 24 objects, are observed in λ = 3.4 and 2.7 mm continuum emission with the Owens Valley Millimeter Array, and in the HCO + and H 13 CO + 4-3, 3-2, and 1-0 transitions at the James Clerk Maxwell and IRAM 30m telescopes. All nine sources are detected at 3.4 and 2.7 mm in the interferometer beam, with total fluxes between 4 and 200 mJy. The visibilities can be fit with an unresolved (< 3 ) point source, and, in about half of the sources, with an extended envelope. The point sources, presumably thermal dust emission from circumstellar disks, typically contribute 30-75% of the continuum flux observed at 1.1 mm in a 19 beam, assuming a spectral slope of 2.5. The fact that at least two-thirds of our sources show point-source emission indicates that circumstellar disks are established early in the embedded phase. The remainder of the 1.1 mm single dish flux is attributed to an extended envelope, with a mass of 0.001-0.26 M within a 19 beam. In HCO + , the J=1-0 line is seen to trace the surrounding cloud, while the emission from J=3-2 and 4-3 is concentrated toward the sources. All sources look marginally resolved in these lines, indicative of a power-law brightness distribution. A beam-averaged HCO + abundance of (1.2 ± 0.4) × 10 −8 with respect to H 2 is derived.
The 1.1 mm continuum fluxes and HCO + line intensities of the envelopes correlate well, and are modeled with the simple inside-out collapse model of Shu (1977) and with power-law density distributions of slopes p = 1-3. All models provide satisfactory fits to the observations, indicating that HCO + is an excellent tracer of the envelopes. Of the 15 sources of the original sample that were either undetected in HCO + 3-2 or too weak to be selected, seven show 1.1 mm single-dish fluxes comparable to our objects. It is proposed that all of the 1.1 mm flux of the former sources should be attributed to compact circumstellar disks. The relative evolutionary phase of a YSO, defined as the current ratio of stellar mass over envelope mass, is traced by the quantity T mb dV (HCO + 3−2) / L bol . Sources which are undetected in HCO + are found to to have significantly lower values in this tracer than do the objects of our subsample, indicating that the former objects are more evolved. The sources which are weak in HCO + 3-2 are indistinguishable from our subsample in this tracer, and have intrinsically low masses. It is concluded that HCO + , especially in its 3-2 and 4-3 transitions, is a sensitive tracer of the early embedded phase of star formation.
Accepted by The Astrophysical Journal http://www.strw.leidenuniv.nl/∼michiel/preprints.html
Rotation Periods for Stars in NGC 2264
Kristin E. Kearns, Nancy L. Eaton, William Herbst and Christopher J. Mazzurco Astronomy Department, Wesleyan University, Middletown CT 06459, USA E-mail contact: kristin@astro.wesleyan.edu Four fields in the young cluster NGC 2264 were monitored in Cousins I with a CCD on the 0.6 m telescope at Van Vleck Observatory during the 1995/96 observing season. A total of 209 stars were followed, reaching a limiting magnitude of about 16. Nine periodic variables were found and they are interpreted as spotted, pre-main sequence stars with rotation periods ranging from 1.2 to 9.7 days. Three additional possible spotted variables, one with a period of only 0.71 days, and one possible eclipsing binary were also found. Comparing with the Orion Nebula Cluster (ONC), we find that there is a higher proportion of rapid rotators in NGC 2264 among stars with detected periods. Since the ONC sample is probably younger, this may be evidence for spin-up of most pre-main sequence stars as they contract towards the main sequence. If this interpretation is correct, it suggests that disk braking may not be important for most stars beyond an age of ∼ 1 million years. We have searched the IRAS Point Source Catalog and HIRES maps for young stellar objects (YSOs) in the direction of five HI high-velocity clouds (HVCs). In agreement with optical searches in the halo, no evidence was found for extensive star-forming activity inside the high-latitude HVCs. Specifically, we have found no signs of star formation or YSOs in the direction of the A IV cloud or in the very-high-velocity clouds HVC 110-7-465 and HVC 114-10-440. We have identified only one young star in the direction of the M I.1 cloud, which shows almost perfect alignment with a knot of HI emission. Because of the small number of early-type stars observed in the halo, the probability for such a positional coincidence is low; thus, this young star appears to be physically associated with the M I.1 cloud. We have also identified a good YSO candidate in the HI shell-like structure observed in the core region of the low-latitude cloud complex H (HVC 131+1-200). This region could be a supernova remnant with several other YSO candidates formed along the shock front produced by the explosion.
In agreement with recent theoretical estimates, these results point to a low but significant star-formation rate in intermediate and high Galactic latitude HVCs. For M I.1 in particular, we estimate that the efficiency of the starformation process is M (YSO)/M (HI ) > ∼ 10 −4 −10 −3 by mass. Such efficiency is sufficient to account for (a) the existence of the few young blue stars whose ages imply that they were born in the Galactic halo, and (b) the nonprimordial metallicities inferred for some HVCs if their metal content proves to be low. We present the results of a multitransition, CS study of massive dense cores in the L1630 molecular cloud with spatial resolutions ranging from 11 -64 . The primary goal of this investigation is to determine whether the physical properties of massive cores are related to their star formation efficiency (SFE) and, in particular, their ability to form rich embedded clusters. The spatial and density structure of 4 massive cores and 2 low mass cores in this cloud were examined. Densities for each core were determined through an LVG analysis. We find that all the massive cores contain regions with densities of at least 10 5 cm −3 . In general, cores with rich embedded clusters, and consequently with high SFE, tend to be larger (i.e., to have larger areas of detectable CS J=5→4 emission) than those without clusters and low SFE. In addition, the region emitting CS J=5→4 emission has a lower volume filling factor of gas denser than 10 5 cm −3 in high SFE cores than in low SFE cores. These differences suggest that regions forming rich embedded clusters have larger amounts of dense gas, and they are more fragmented.
Accepted by Astrophysical Journal

The tidal disruption of protoplanetary accretion discs In this paper we revisit the problem of the tidal interaction occuring between a protostellar accretion disc and a secondary point mass following a parabolic trajectory. We model the disc response analytically and we compare our results with three-dimensional SPH simulations.
Inviscid as well as viscous hydrodynamics is considered. We show that in a viscous system the response derived from inviscid considerations is predominant even for the highest estimates of an anomalous disc shear viscosity. The angular momentum lost from the disc during the encounter is derived from linear theory, for distant fly-bys, as well as the changes to the disc orientation expected in non-coplanar encounters.
It is shown that the target discs can become warped and precess by a small amount during non-coplanar encounters. This small precession is shown to give rise to a relative tilt of the disc which is always more important for determining its final orientation than is the change to the orbital inclination.
We discuss the implications of our results for protostellar accretion discs and planetary systems. We present the results of a 1.3 mm continuum study of 59 Bok globules located north of −30
• declination. The catalogue of Clemens & Barvainis (1988) served as a search list for the target objects investigated here. Based on the analysis of the IRAS point source colour-colour diagram, four distinct groups of globules are distinguished. It is shown that indeed each of these groups has distinctive properties and represents a different stage of star-formation. For our observations, we selected a number of candidate pre-protostellar cores, all candidates for globules with protostellar cores, as well as a number of strong 12 µm IRAS point sources which are candidates for T Tauri stars associated with globules.
Individual distances of the globules are derived with a method which associates the globules with larger molecular cloud complexes. It is shown that most globules are associated with such cloud complexes from which they probably formed. The derived distances range from 140 pc to 2 kpc with the majority of the globules being related to Gould's Belt at distances of 200 to 300 pc. The average distance of our sample of globules is derived to be 500 pc.
Out of the 59 globule cores observed at 1.3 mm, 21 objects were detected with average 3 σ detection limits of 17 mJy/12 and 39 mJy/23 . This corresponds to an overall detection rate of 35%. While most of the detected objects are protostellar cores, four pre-protostellar cores and one T Tauri star were detected furthermore. The typical mass of a star formed in a Bok globule is derived to be ≈ 0.5 M . Using the detection rates and the relative frequencies of the globule groups, lifetimes of the different evolutionary stages are derived. Assuming that all globules form stars at some time of their evolution, the typical lifetime of a Bok globule is derived to be some 10 6 years. It is speculated that the existence of isolated T Tauri stars can be explained by star formation in Bok globules. In addition, the results of the continuum measurements are compared with observations of different molecular lines.
Accepted by Astron. & Astrophys. We have carried out a simultaneous, multi-band (J, H, K) survey over an area of 1320 arcmin 2 in the L1630 region, concentrating on the region away from the dense molecular cores and with modest visual extinctions (≤ 10 mag). Previous studies found that star formation in L1630 occurs mainly in four localized clusters, which in turn are associated with the four most massive molecular cores (Lada et al. 1991; Lada 1992) . The goal of this study is to look for a distributed population of pre-main-sequence stars in the outlying areas outside the known star-forming cores. More than 60% of the pre-main-sequence stars in the active star forming regions of NGC 2024 and NGC 2023 show a near-infrared excess in the color-color diagram. In the outlying areas of L1630, excluding the known star forming regions, we found that among 510 infrared sources with the near-infrared colors ((J − H) and (H − K)) determined and photometric uncertainty at K better than 0.10 mag, the fraction of the sources with a near-infrared excess is 3%-8%; the surface density of the sources with a near-infrared excess is less than half of that found in the distributed population in L1641, and 1/20 of that in the young cluster NGC 2023. This extremely low fraction and low surface density of sources with a near-infrared excess strongly indicates that recent star formation activity has been very low in the outlying region of L1630. The sources without a near-infrared excess could be either background/foreground field stars, or associated with the cloud, but formed a long time ago (more than 2 Myrs). Our results are consistent with McKee's model of photoionization-regulated star formation. The magnetohydrodynamical evolution of the interaction region between the inner edge of an accretion disk and the magnetosphere of the central object is studied by means of time-dependent numerical simulations. The simulations assume the disk is adiabatic, axisymmetric, has non-zero resistivity, and is initially in Keplerian rotation. The magnetosphere is assumed to be initially in magnetostatic equilibrium, corotating with the central star, and threaded by one of three different initial magnetic field topologies: 1) a pure dipole field which also threads the disk continuously everywhere, 2) a dipole field excluded from the disk by surface currents, and 3) a dipole field continuously threading a disk superposed with a uniform axial magnetic field. A number of exploratory simulations are performed by varying the field strength, the disk density and inner radius, the magnitude of the resistivity, and the stellar rotation rate. These simulations are designed as an initial study of the magnetohydrodynamics of the interaction region.
Looking for Distributed Star Formation in L1630: A Near-infrared (J, H, K) Survey
Generally, we find rapid evolution of the disk occurs due to angular momentum transport by either the Balbus-Hawley instability or magnetic braking effects. Equatorial accretion results on a dynamical timescale unless the magnetic pressure of the magnetosphere exceeds the ram pressure of the accreting disk plasma; the latter we find to be a highly time dependent quantity. In the case of a pure dipole magnetospheric field, however, rapid stellar rotation can result in a field geometry which inhibits polar accretion even when ram and magnetic pressures balance. In contrast, we find that polar accretion can occur regardless of the stellar rotation rate when strong global disk magnetic fields combine with stellar magnetic fields to create a favorable net field topology.
Highly time dependent winds are evident in the evolution of all three field topologies. The winds are generally channeled along field lines which have been opened due to reconnection. The speed and variability of the outflows is dependent on the magnetic field strength and accretion topology. Net torque on the star during accretion is measured to be positive, i.e., the star is being spun up.
Accepted by the Astrophysical Journal We report the discovery of two jets and eight HH-like objects in molecular hydrogen near the Sharpless HII region S255, and present near-infrared observations of these objects. The field has been imaged in [FeII] (1.644 µm), cK (2.26 µm), H 2 v= 1→0 S(1), and H 2 v= 2→1 S(1) as well as in broad-band JHK filters, as part of an ongoing near-infrared survey of massive star-forming regions. These observations reveal in detail the morphology of low and intermediatevelocity shocks in the region. The HH-like objects are seen only in H 2 . The brightest H 2 clump is found to the SW of the S255 IR complex. We see evidence of one possible counter jet: a faint H 2 tail to the NE of S255 IR seen as a series of clumps. Their arc-shaped geometry is indicative of bow-shocks. Diffuse emission is also seen in S255 IR, toward the North and South. K-band long slit spectroscopy suggests a collisional nature for the brightest H 2 object, rather than fluorescence. These observations also indicate that the Brγ excess present in S255 IR may be produced by the stellar wind of the very red star NIRS 1 while the H 2 diffuse emission may come from collisionally-shocked gas present in the extended nebulosity of the region. We also present the results of 12 CO (J= 1→0) observations of the region. We find two foci of accelerated molecular gas which suggests the presence of two molecular outflows, one associated with the ultracompact HII region G192.58-0.04, and the other with the S255 IR region and one of the jets. We analyze archival ROSAT data of the CrA star forming region. X-ray emission from five infrared Class I protostars in the Coronet cluster was recently found in ASCA data, however, with low spatial resolution and partly ambiguous source identification. ROSAT high spatial resolution data confirm the X-ray detection of three Class I protostars. The other two infrared protostars might be extincted to strongly for being detected in the softer ROSAT bandpass. Alternatively, the X-ray emission might be strongly variable and they might have been too faint in X-rays at the time of the ROSAT observations.
Discovery of Jets and HH-like Objects Near the S255 IR Complex
Accepted by Astronomy and Astrophysics Letters
Pre-prints available from Ralph Neuhäuser at rne@mpe-garching. We present new multi-line, multi-isotope observations of the PMS candidate IRAS 12553-7651 in the nearby Chamaeleon II dark cloud. Previous far infrared and molecular observations towards three selected objects in Cha II determined that IRAS 12553-7651 was the most likely candidate to be a young (proto)stellar object. We thus mapped the IRAS 12553-7651 region in the 12 CO J = 2 → 1, 13 CO J = 2 → 1, and C 18 O J = 1 → 0 rotational transitions to use probes more sensitive to higher density gas and not affected by optical depth effects. We also observed and detected the C 34 S J = 2 → 1 transition. Our observations confirm the presence of a high-density clump at the position of the IRAS source with V LSR 3 km s −1 , and reveal a C 18 O velocity shift aligned along an axis SW-NE, of about 2 km s −1 pc −1 , which is likely to be an outflow. Based upon this assumption, the 13 CO spectra of Olmi et al. (1994) have been re-analyzed and found to show a deviation from a Gaussian shape. This asymmetry can be interpreted in terms of a line component which migrates in velocity with respect to the ambient cloud. We show that a model in which the bipolar outflow interacts with the ambient gas around IRAS 12553-7651 may reproduce qualitatively the observational data.
Accepted by Astron. Astrophys.
Self-Similar Magnetocentrifugal Disk Winds with Cylindrical Asymptotics
Eve C. Ostriker We construct a two-parameter family of models for self-collimated, radially self-similar magnetized outflows from accretion disks. A flow at zero initial poloidal speed leaves the surface of a rotating disk and is accelerated and redirected toward the pole by helical magnetic fields threading the disk. At large distances from the disk, the flow streamlines asymptote to wrap around the surfaces of nested cylinders. In constrast to previous disk wind modeling, we have explicitly implemented the cylindrical asymptotic boundary condition to examine the consequences for flow dynamics. The solutions are characterized by the logarithmic gradient of the magnetic field strength and the ratios between the footpoint radius R 0 and asymptotic radius R 1 of streamlines; the Alfven radius must be found as an eigenvalue. Cylindrical solutions require the magnetic field to drop less steeply than 1/R. We find that the asymptotic poloidal speed on any streamline is typically just a few tenths of the Kepler speed at the corresponding disk footpoint. The asymptotic toroidal Alfven speed is, however, a few times the footpoint Kepler speed. We discuss the implications of the models for interpretations of observed optical jets and molecular outflows from young stellar systems. We suggest that the difficulty of achieving strong collimation in vector velocity simultaneously with a final speed comparable to the disk rotation rate argues against isolated jets and in favor of models with broader winds. We present J(1.25 µm), H(1.65 µm), K(2.2 µm), H 2 (2.125 µm) and 11.2 µm infrared images at sub-arcsec resolution of an area centered around the star forming region G 35.20-1.74. In J, H and K a cluster of early type stellar sources with infrared excess clearly stands out with respect to the background distribution and is associated with a diffuse K emission around an UC HII region (which is the brightest source at K). No H 2 emission is detected in narrow-band images at 2.125 µm.
At 11.2 µm six components are detected. The brightest one (MIR3) is extended and coincides with the UC HII region. The source with steepest IR spectrum and the largest infrared excess (MIR1) is associated with an H 2 O maser and a near IR source detected only at K. It is separated from the IR cluster and at a distance of 20 from the UC HII region. The IR emission comes from a local young stellar object (YSO) associated with the maser. The lack of radio continuum emission from MIR1 confirms that H 2 O masers can trace the youngest evolutionary stages of massive YSOs, much before the appearance of a radio UC HII region and shows that star formation is not limited to the IR cluster (where most probably it has already come to an end) but is still taking place in other parts of the molecular cloud. Of the other 11.2 µm sources, three (MIR2, MIR4 and MIR5) present IR excesses and are similar to MIR1, while MIR6 appears to be a reddened early-type star.
The morphology of the entire star forming complex, taking into account also molecular and sub-mm observations, is indicative of different and independent episodes of star formation taking place in the same molecular cloud. The Hopkins Ultraviolet Telescope spectrum of HH2 shows Lyman band emission below 1200Å, and it reveals H 2 bands in the quasi-continuum at longer wavelengths. The H 2 emission could arise either from Lyα fluorescence (as in other HH objects) or collisional excitation by hot electrons. The fluorescence hypothesis encounters some difficulty in explaining the lack of individual strong features, while the collisional hypothesis must explain the mixing of hot electrons into the molecular gas before photoionization or collisions with H atoms dissociate the molecules. The spectrum also provides a stringent upper limit to the O VI flux. The upper limit appears to conflict badly with the predictions of bow shocks models which match the observed line widths of HH2A' and HH2H.
Accepted by ApJ
A Molecular Line and Infrared Study of NGC 2264 IRS1 We present a study of the region around the intermediate-mass young stellar object NGC 2264 IRS1. This source is embedded in a dense cloud core. Infrared images in the J, H, and K band show a jet-like structure connected with IRS1 as well as a second very deeply embedded small star cluster to the southeastern side. IRS1 itself is surrounded by a number of embedded low-mass stars. We mapped this area in various CS transitions, CO 3→2, some methanol lines and in C 18 O 2→1. The mapping results clearly show a second cloud clump centered at the small star cluster. Two molecular outflows were found in the observed region. One flow is oriented along our line of sight and associated with IRS1 and the other flow is centered at the small star cluster.
Several additional spectral line settings were taken at the IRS1 position to get more accurate constraints on the gas temperature and density. These data, as well as the maps, were analysed with statistical equilibrium excitation calculations. The best fit results give an uniform temperature of about 55 K in a quite large inner cloud region (1 ×1 ), with even warmer gas (>70 K) present close to IRS1 and the embedded star cluster. This warm cloud core is surrounded by extended material at a temperature of 20 to 30 K. Radiative transfer models applied for different molecules constrain the mean central density to 2 10 6 cm −3 .
We estimated the beam-averaged total H 2 column densities at a number of grid positions around IRS1 from the C 18 O measurements. Using the modeled CS excitation, we can constrain the beam-averaged CS abundance distribution over the same area. The inferred CS abundance with respect to H 2 of 1 10 −9 is nearly constant over the whole region, and there is no indication for a CS depletion on this scale.
Observations of a large number of other molecules have been obtained as well at the IRS1 position. The resulting abundances are compared to those found in other high-and low-mass young stellar objects. The abundances of the organic molecules H 2 CO and CH 3 OH are somewhat enhanced, whereas those of sulfur-bearing molecules are much lower. The most striking characteristic of the NGC 2264 chemistry is its nitrogen chemistry, especially the very high abundances of N 2 H + and N 2 . These results suggest that NGC 2264 is in a somewhat later evolutionary stage.
velocity gradient of about 4 km s −1 exists at scales < 0.4 . The velocity gradient which maximizes in the east-west direction, increases inward in radius as r −1.2 , indicating rotation and spin-up of material during the course of collapse. The infall and rotational motions are comparable in the inner core close to the star. The molecular gas across both the e2 and e8 infall regions is hot (40-50K) and dense (> 10 6 cm −3 ). The NH 3 rotational temperature remains roughly constant throughout the collapsing region. The mass densities in the infall region increase inward and scale with radius as r −2 . This density distribution and the total mass in the infall zones are consistent with free falls of constant speed at different spatial scales.
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New Books
Introducción a la Física del Medio Interestelar (Introduction to the Physics of the Interstellar Medium) R. Estalella and G. Anglada
The book, written entirely in spanish at undergraduate and basic graduate level, contains an introductory text on the physics of the interstellar medium. The book also contains problems, some of them with solutions. At the end of each chapter some practical works based on real observational data are proposed. The chapters of the book are devoted to radiative processes, neutral hydrogen, HII regions, molecular clouds and star forming regions. 
Postdoctoral Research Assistant in Star Formation
Applications are invited for a Forbairt (Irish Science and Technology Agency) funded postdoctoral position to work on a project entitled "Numerical Simulations of Jets from Young Stars". The successful applicant should have, or expect to have, a PhD in astrophysics and a background in computational techniques is essential. He or she will join a small research group working on star formation and will have access to the in-house parallel cluster as well as the recently installed Queens University Belfast/Trinity College Dublin SP2 system. The post is available for a period of 2 years starting from 1 st October 1997, or as soon as possible thereafter, and the salary will be on the Research Assistant scale IR£18,594-IR£23,378 (6 points) per annum. Applications, including a CV and the names of 2 referees, should be sent by Friday 11 th July to The Secretary, Astrophysics Section, School of Cosmic Physics, Dublin Institute for Advanced Studies, 5 Merrion Square, Dublin 2.
Further details are available from Professor Tom Ray, e-mail: tr@cp.dias.ie. Web site at http://www.cp.dias.ie.
